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Summary 
The present study examined the characteristic features of 
galanin (GAL)-containing nerve afferents in the 
intermediolateral nucleus (IML) of the rat lumbosacral 
spinal cord， by using the immunocytochemistry at both light 
and electron microscopic levels. 
First， the type of synapse formed by GAL-immunoreactive 
(IR) axon terminals， and their post- or presynaptic elements 
were examined from random ultrathin sections. All of 109 
• 
synapses as examined in the present study showed the 
asymmetrical (Gray type 1) contacts. And none of their 
post- (97%) and presynaptic elements (3%) showed GAL-
immunoreactivity. They were as followed; the former were 
dendrites (71%)， somata (20%) and axon terminals (6%)， and 
the latter were axon terminals (3%). 
Next， the synaptic relationships between cholinergic 
• 
parasympathetic preganglionic neurons and GAL axon terminals 
were examined with a combination of the immunofluorescent 
double-staining method and the immunoperoxidese method， by 
newly applying the confocal laser microscopy to the electron 
?，?
microscopy. Cholinergic neurons in the IML were frequently 
found to receive synaptic inputs from GAL-IR axon terminals. 
These findings suggest that the GAL afferents are involved 
in the parasympathetic motor regulation of pelvic organs vla 
their central synaptic influences upon preganglionic 
neurons. 
Finally， both hemi-transection of the upper lumbar 
segments (L1-L3) and unilateral dorsal rhizotomy (L5-S2) 
gave rise to no siginificant difference in the 
immunoreactivity for GAL in the IML. These results suggest 
that GAL afferents are innervated not from regions rostral 
to the IML and from the dorsal root ganglion， but from GAL 
cells located at least within the lower lumbar segments 
and/or sacral spinal cord. 
??
Introduction 
Galanin (GAL)， a 29-amino acid peptide23)， is widely 
distributed throughout the central nervous system1 ¥ ，19) and 
suggested to act as a neuroactive substance2). In the lumbo-
sacral spinal cord numerous GAL-immunoreactive (IR) axon 
terminals are seen in the intermediolateral nucleus 
(IML)l 5) ， the parasymapathetic preganglionic region. These 
GAL afferents， therefore， may play important roles in the 
visceromotor functioning of pelvic organs by chemical 
influences upon the IML neurons. However， no direct evidence 
has so far been reported at the synaptic level where 
chemical neurotransmission actually occurs. The present 
study， therefore， attempted to know whether or not GAL-IR 
axon terminals form synapses with IML preganglionic neurons 
by the immunoelectron microscopy combined with the confocal 
laser microscopy. Since the preganglionic neurons are 
cholinergic1)， choline acetyltransferase (CAT)， 
acetylcholine synthesizing enzyme， was used as a marker for 
the detection of them. 
Furthermore， the cells of origins for GAL affernts to the 
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IML were examined by hemi-transection of the upper lumbar 
segments (L1-L3) and unilateral dorsal rhizotomy (L5-S2). 
??
Materials and Methods 
A total of 12 male Sprague-Dawley (SD) rats， weighing 
200-250 g were used in this study. The animals were 
anesthetized intraperitoneally with sodium pentobarbital 
(50rng/kg) and perfused through the heart with saline for 2 
min， followed by three kinds of fixatives for each 
experiment. 
Experiment-1: Three animals were used for the GAL 
imrnunocytochernical observation only. Experirnent-2: Three 
anirnals were used to exarnine the synaptic relationships 
between cholinergic neurons and GAL-IR elements with a 
combination of the irnrnunofluorescent double-staining rnethod 
and the irnrnunoperoxidase rnethod12)， by newly applying the 
confocal laser rnicroscopy to the electron microscopy. 
Experirnent-3: The remaining S 1 X animals were used to exarnine 
the cells of origin for GAL afferents to the IML. Three 
received hemi-transection of the upper lumbar segments (L1-
L3) and the other three received unilateral dorsal rhizotomy 
(L5-S2). 
1 . E xperiment-1 
??
Following perfusion with saline， the animals were 
perfused with 500 ml of a fixative， 4% paraformaldehyde -
0.05% glutaraldehyde - 0.2% plcrlc acid in 0.1M phosphate 
buffer (PB， pH 7.4)28)， for 90 min. L6 and S1 segments of 
the spinal cord were removed and postfixed in the same 
fixative overnight， followed by immersion in 0.1M phosphate 
buffered saline (PBS) containing 30% sucrose until they 
sank. They were then frozen in liquid nitrogen and thawed in 
PB at room temperature in oder to facilitate the penetration 
of the antibodies2日 ) . Transverse sections were cut at a 
thickness of 50μm on a Vibratome (Oxford)， washed in PBS 
three times. They were placed in a small vial containing PBS 
with 10% normal goat serum (NGS) for 2 h. 
After washing， the sections were subjected to the 
avidin-biotin-peroxidase complex (ABC) method7) . They were 
incubated in rabbit polyclonal antibody against GAL 
(dilution: 1:2000， Serotec) for 48 h at 4 oC. They were 
washed and incubated in biotinylated goat anti-rabbit IgG 
( d i 1 u t i 0n: 1:5 0 0， A m e r s h a m) f0r 2 4 h a t 4 oC. A f t e r w a s h i n g ，
the sections were incubated in ABC complex (Vector Lab.) for 
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2 h at room temperature. PBS containing 1% NGS was used for 
dilution of specific antibodies and rinses. 
Afer reaction with 3，3' -diaminobenzidine tetra-HCl (DAB)， 
the sections were osmificated for 1 h. They were dehydrated 
and flat-embedded on glass slides in Durcupan ACM r e s 1 n
(Fluka). The sections were stained with 1% uranyl acetate at 
the stage of 70% ethanol dehydration. Serial ultrathin 
sections were cut and mounted on Formvar-coated single slot 
(2x 1mm) grids. They were stained with lead citrate. 
Electron micrographs were taken at 80kv on a JEM 1200-EXII 
(JEOL). 
1 1 . E xperiment-2 
Following perfusion with saline， the animals were 
perfused with 100 ml of 4% paraformaldehyde - 0.05% 
glutaraldehyde - 0.2% picric acid in PB for 15 min and then 
with 400 ml of the same fixative omitting glutaraldehyde for 
1 h. The sections were made in the same way as described 
above， except for that the block were postfixed in the 
fixative without glutaraldehyde overnight. 
The sections were placed in a small vial and incubated 
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for 48 h at 4 ~ in a mixture containing rabbit polyclonal 
antibody against GAL (dilution: 1:1000) and rat monoclonal 
antibody against CAT (Boehringer Mannheim)3). The sections 
were then incubated overnight at 4 ~ in a mixture of the 
secondary antibodies which consisted of fluorescent 
isothiocyanate (FITC)-labeled goat anti-rabbit IgG 
(dilution: 1:500， Miles-Yeda) for the detection of GAL 
immunoreactivity and biotinylated goat anti-rat IgG 
(dilution: 1:50， Cappel). Thereafter， they were incubated in 
avidin-Texas red complex (dilution: 1:50， Amersham) for 2 h 
at 4 oC for the detection of CAT immunoreactivity. After 
washing with PBS， the sections were mounted on glass slides 
in PBS and analyzed under a confocal laser microscope 
(LSM-GB 200， Olympus) equipped with B-dichroic filter system 
for FITC fluorescence and with G-dichroic filter system for 
Texas red fluorescence. There was no cross-reactivity 
between the secondary antibodies， or between the primary and 
nonspecific secondary antibodies. 
After taking photographs under a confocal laser 
microscope， these sections were washed with PBS and then 
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incubated again overnight at 4 oC in a mixture of the 
secondary antibodies which consisted of goat anti-rabbit IgG 
(dilution: 1:500， Cappel) and biotinylated goat anti-rat IgG 
(dilution: 1:50， Cappel). Thereafter， they were incubated in 
rabbit peroxidase-anti-peroxidase (PAP) complex21) 
(dilution: 1:50， Dako) for 4 h and then incubated in ABC 
complex for 2 h at room temperature. 
After reaction with DAB， the sections were flat-embedded 
in the same way as described above. Serial ultrathin 
sections were cut and ultrastructural analysis was made by a 
correlated light and electron microscopic method2日) .
1 1 1 .Experiment-3 f 
The operated animals were allowed to survive for 5 days 
and perfused with 500 ml of 4% paraformaldehyde - 0.2% 
picric acid in PB for 90 min. The blocks were postfixed in 
the same fixative overnight. Transverse or horizontal 
sections were cut at a thickness of 30μm on a Cryostat 
(Bright， 5030 microtome). 
After washing with PBS， the sections were placed 1n a 
small vial and incubated for 48 h at 4 ~ in rabbit 
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polyclonal antibody against GAL (dilution: 1:2000). And then 
they were incubated overnight at 4 oC in FITC-labeled goat 
anti-rabbit IgG (dilution: 1:500， Miles-Yeda). After washing 
with PBS， the sections were mounted on glass slide and 
analyzed under a fluorescence microscope (Olympus) equipped 
with B-dichroic filter system for FITC fluorescence. 
Additionally， to confirm the effectiveness of unilateral 
dorsal rhizotomy， some sections were immunostained for 
calcitonin gene-related peptide (CGRP) (dilution: 1:2000， 
Amersham)， since this operation results in a marked 
reduction of the CRGP immunoreactivity due to the 
denervation of CGRP priamry sensory afferents24) . 
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Results 
I. E xperiment-1 
At the light mlcroscoplC level， many GAL-IR axon 
terminals were distributed in the IML and often seen to 
surround non-immunoreactive neurons (Figs. 1，2A). In the 
present study no GAL-IR cells were detected in the spinal 
cord， possibly due to no colchine pretreatment prior to the 
immunocytochemistry. At the electron microscopic level， GAL-
IR axon terminals containing many small round vesicles made 
synapses with non-immunoreactive neuronal elements (Figs. 
2B-5). The type of synapses formed by GAL-IR axon terminals， 
and the frequency of their post- or presynaptic elements 
were examined from random ultrathin sections (Fig. 6). All 
of 109 synapses examined in the present study showed the 
asymmetrical type (Gray type I). And none of their post-
(97%) and presynaptic elements (3%) showed GAL-
immunoreactivity. They were as followed; the former were 
dendrites (shafts and spines， 71%)(Fig. 4)， somata (20%) 
(Figs. 2，3) and axon terminals (6%)(Fig. 5B)， and the latter 
were axon terminals (3%)(Fig. 5A). 
?，
?
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type of synapse was always asymmetrical (Figs. 10，11C). 
11. E xperiment-2 
By confocal laser microscopy with the double-
immunostaining method， many GAL-IR axon terminals stained 
green in color with FITC were seen close to the cell bodies 
and proximal dendrites of CAT-IR neurons stained in color 
with texas red in the IML (Fig. 7). These close appositions 
between them were confirmed by re-staining with the PAP and 
ABC methods (Figs. 8，9A，11A). By correlation of the light 
and electron microscopy， these appositions could be 
identified to be synaptic contacts with cell bodies (Figs. 
11B，C) and dendrites (Figs. 9B，10) of CAT-IR neurons. The 
111. E xperiment-3 
Both hemi-transection and unilateral dorsal rhizotomy 
gave no significant difference in the GAL-immunoreactivity 
in the IML (Figs. 12，14). The effectiveness of the latter 
operation was confirmed by a marked reduction in the CGRP 
immunoreactivity at the lesion side in the IML and dorsal 
horn as compared with that at the control side (Fig. 13). 
? 、
?
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Discussion 
Ultrastructural features of GAL afferents 
1n the present study， one of the most striking features 
of GAL-1R axon terminals in the 1ML was heavy synaptic 
inputs to cell bodies of the neurons some of which are at 
least cholinergic. Such convergence of axon terminals to 
the cell bodies occur in some other areas such as the 
cerebral cortex and hippocampus where pyramidal cells 
receive abandant synaptic inputs from basket cells I B ) 
• 
Assuming the physiological powerful effects of these axo-
somatic contacts in both areas， it is reasonable to 
speculate that GAL afferents in the 1ML also have powerful 
influences on their postsynaptic neurons. The majority of 
neurons in the 1ML are considered to be parasympathetic 
preganglionic neurons6 . 13) that are cholinergic1). Taken it 
into account with the present findings by a combination 
method demonstrating synaptic contacts between GAL-1R axon 
terminals and CAT-1R neurons， it can be suggested that the 
GAL afferents are involved in the parasympathetic motor 
regulation of pelvic organs via their powerful synaptic 
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influences upon the preganglionic neurons. The type of 
synapse formed by GAL-1R afferents in the 1ML was always 
asymmetrical. Eccles suggested that this tyep of synapse 
mediates an excitatory neurotransmission and the symmetrical 
type mediates an inhibitory one 5l • 1f the type of synapse 
corresponds with the mode of neurotransmission， GAL 
afferents may exert an excitatory influence on those 
preganglionic neurons. 
C o m b i n a t i o n o f c o n f o c a l l a s e r a n d e l e c t r o n m i c r o s c o p i e s 
The high resolution of the confocal laser microscope has 
brought a great improvement in the visualization of 
fluorescent materialsA. 1 A. 25 .26) . For example， the spatial 
interactions betweeen two kinds of chemically difined 
neuronal elements can be easily examined by three 
dimensional analysis using this newly developed microscopeA， 
1 4 . 25 . 2 6 l 
• A combination of immunofluorescent double-
staining method and the immunoperoxidase method12l makes it 
possible to analyze fine structural features of neuronal 
elements in which two different substances are visualized on 
a single section. 1n comparison with earlier ultrastructural 
????
J 
doub1e-staining methods9. 29) ， this combination method has 
some advantages. Two different substances not on1y in ce11 
bodies but a1so in sma11 strucutres such as nerve fibers and 
axon termina1s， once identified under the f1uorescence 
microscope can be re-examined without any significant 10ss 
ofimmunoreactivity under conventiona1 1ight microscopy. This 
process is usefu1 both to 10cate IR structures precise1y， 
and for more detai1ed ana1ysis of them at the 1ight 
microscopic 1evel. Also， IR structures re-visualized by the 
immunoperoxidase method can be studied by a correlated light 
and electron microscopic method2日 ) ; structures characterized 
using the light microscope can be studied with the electron 
microscope， which shows their fine structure and synaptic 
connections. A new application of confocal laser microscopy 
to the electron microscopy as described in the present study 
added some other advantages to those as mentioned above， 
since the confocal laser microscope not only has a much 
higher resolution than the conventional fluorescence 
microscope， but also may provide us with the possibility of 
more detailed three dimensional analysis by the introduction 
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of computer-assist system. 
80urce of GAL afferents 
The present study demonstrated that both hemi-transection 
immunoreactivity in the IML. These findings suggest that GAL 
of the upper lumbar segments and unilateral dorsal rhizotomy 
gave rise to no siginificant difference in the GAL-
afferents to the IML are not from regions rostral to the IML 
and from the dorsal root ganglion. The immunocytochemical 
studies demonstrated that GAL-IR neurons are occasionally 
found in the lamina X of the rat spinal cord8. 15-17) . This 
raises the possibility that GAL afferents may be probably 
from GAL cells located within the lower lumbar segments 
and/or sacral spinal cord， although direct evidences are 
still needed. The present study did not detect any GAL-IR 
cells in the spinal cord at L6 and 81 segments. This may be 
possibly due to the difference in the antibodies used. Or 
colchicine pretreatment may help the detection of GAL-IR 
cells， since this drug inhibits the axonal transport and 
increases the peptide contents in the cell bodies. 
? ，
?
?
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F unctional significance 
Although GAL is thought to have an inhibitory effects on 
the modulation of nociceptive reflexes in the spinal cord27l 
or to be directly involved in modulating neurotransmission 
within the urinary bladder and the ductus deferens1日 22}，
its functional roles in the IML is unknown. Recently， it 
has been reported that GAL-IR axons are characteristic for 
their sexually dimorphic distribution in the rat IMLI5l; 
male rats contained a greater number of GAL-IR nerve fibers 
than female rats which showed a variation of the amount of 
GAL-IR nerve fibers with the estrous cycle. Thus the 
neuronal activity of galanin afferents to the IML may be 
under a control of circulating sex hormons， androgens and 
estrogens. It is interesting to know whether or not those 
variable immunoreactivities for the GAL afferents actually 
reflect synaptic influences upon the IML pregangionic 
neurons regulating visceromotor functioning of pelvic 
organs. Besides the IML， some other spinal regions are 
reported to be sexual dimorphic in the rat; lumbal cremaster 
nucleus， dorsolateral nucleus (Onuf' s nucleus) and 
-18-
laminae 刊， IX and X of the lumbosacral spinal cord1 5-17). 
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Figure Legends 
Fig. 1. The schematic drawing of galanin-immunoreactive 
(GAL-IR) axon terminals (small dots) in the 
lumbosacral spinal cord on a transverse section. 
CC， central canal; IML， intermediolateral nucleus. 
Fig. 2. A: Light micrograph showing many GAL-IR axonal 
profiles (arrows) surrounding a non-immunoreactive 
cell body in the IML. B: Electron micrograph of the 
same axonal profiles (arrows) as shown in A. Scale 
bars: A， 10μm; B， 2μm . 
Fig. 3. Higher magnification electron micrograph of the 
framed area in Fig. 2B， showing asymmetrical 
synapse (arrow) between GAL-IR axon terminal and 
non-immunoreactive cell body. Scale bar: 0.5μm . 
Fig. 4. Electron micrographs showing asymmetrical synapses 
(arrows) between GAL-IR axon terminal and non-
immunoreactive dendritic spine (s)(A) or dendritic 
shaft (d)(B). Scale bar: 0.5μm . 
F i g . 5 . Electron micrographs showing axo-axonlc synaptic 
contacts (arrows). GAL-IR axon terminal is 
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postsynaptic (A) or presynaptic (B) to non-
irnrnunoreactive axon terrninal. Scale bar: 0.2μrn . 
Fig. 6. Synaptic counterparts of GAL-IR axon terrninals in 
the IML. DEND， dendirtic shafts and splnes; SOMA， 
cell bodies; AXON， axon terrninals. 
Fig. 7. A， B: Consecutive confocal laser rnicrographs 
showing close appositions (arrow and arrowhead) 
between GAL-IR axon terrninals (green in color) and 
choline acetyltransferase (CAT)ー IR neurons (red in 
color)， stained by the irnrnunofluorescent double-
staining rnethod in the IML at L6 segrnent. Scale 
bar: 30μrn. s 
Fig. 8. A: Light micrograph of the section which was the 
sarne as Fig. 7 and re-stained for GAL-IR and CAT-IR 
strucutres by the peroxidase-anti-peroxidase (PAP) 
rnethod and avidin-biotin-peroxidase cornplex (ABC) 
rnethod， respectively. Note rnany CAT-IR neurons in 
the IML and anterior horn. B: Higher rnagnification 
light rnicrograph of the left IML in A. Lower half 
part of B corresponds to Fig. 7. 
-27-
CC， central canal; IML， intermediolateral nucleus. 
Scale bars: A， 500μm; B， 50μm . 
F i g. 9. A: Higher magnification light micrograph of the 
framed area (a) in Fig. 8B， showing a close 
apposition (arrow) between GAL-IR axon terminal and 
proximal dendrite of CAT-IR neuron. Arrow in A 
corresponds to arrow in Fig. 7A. B: Electron 
micrograph of a part of A. Arrow indicates the 
close apposition (arrow in A). Scale bars: A， 10 
μm; B， 2μm . 
Fig. 10. Higher magnification electron micrograph of a part 
of Fig. 9B， showing that two asymmetrical synapses 
(arrows) are formed between the GAL-IR axon 
terminal and CAT-IR dendrite at the close 
apposition site as indicated by arrows in Figs. 7A 
and 9. upen arrowheads indicate that the CAT-IR 
dendrite also makes asymmetrical synapses with non-
immunoreactive axon terminal. Scale bar: 0.4μm . 
Fig. 11. A: Higher magnification light micrograph of the 
framed area (b) in Fig. 8B， showing a close 
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apposition between GAL-IR axon terminal and CAT-IR 
cell body. Arrow in A corresponds to arrowhead in 
Fig. 7A. B: Electron micrograph of a part of A. 
Arrow corresponds with arrow in A. C: Higher 
magnification of a part of B， showing asymmetrical 
synapses (arrows) between the GAL-IR axon terminal 
and CAT-IR cell body. Scale bars: A， 10μm; B， 4 
μm; O. 4μm . 
Fig. 12. Immunofluorescence micrographs showing GAL-IR nerve 
fibers in the IML on the horizontal section at 
lesion side (A) and control side (B) after hemi-
transection of the upper lumbar segment (L3). The 
large and small arrows in the upper left corner of 
A and upper right corner of B indicate medial and 
rostal direction， respectively. Scale bar: 100μm . 
Fig. 13. Immunofluorescence micrographs showing calcitonin 
gene-related peptide (CGRP)-IR nerve fibers in the 
dorsal horn and IML on the transverse section (L6 
segment level) at lesion side (left) and control 
side (right) after unilateral dorsal rhizotomy. 
-29-
Note that the dorsal rhizotomy resulted in a 
marked decrease in the CGRP immunoreactivity. This 
confirms the effectiveness of this operation. 
Scale bar: 200μm . 
Fig. 14. Immunofluorescent micrographs showing GAL-IR nerve 
fibers in the IML on the transverse section (L6) 
at lesion side (left) and control side (right) 
after unilateral dorsal rhizotomy (L5-S2) in the 
same animal as used in Fig. 13. In contrast to 
CGRP-immunoreactivity， the dorsal rhizotomy 
resulted in no significant difference in the GAL-
immunoreactivity. Scale bar: 200μm . 
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